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(54) Air conditioning apparatus 



(57) An air-conditioning system with a refrigerant 
circulation circuit, which has improved control precision 
for maintaining a compartment temperature and im- 
proved response characteristics. The refrigerant circu- 
lation circuit includes a variable displacement type com- 
pressor, the discharge capacity of which is controlled by 
a control valve. The control valve CV detects a differen- 
tial pressure At between two pressure monitoring points 
in the refrigerant circulation circuit as an index for esti- 
mating the refrigerant discharge capacity of the variable 
displacement type compressor CM and performs feed- 



back control of the discharge capacity of the compressor 
such that the differential pressure converges to a set dif- 
ferential pressure. A controller 70 determines or recom- 
putes the set differential pressure based on information 
from a mode switching unit or an air-flow-rate switch and 
instructs the control valve to change the set differential 
pressure accordingly. The switch information from the 
mode switching unit or the air-flow-rate switch signals 
the controller 70 of a sudden change in the cooling load 
before the occurrence of the change or at the same time 
as the change occurs. 
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Description 



[00011 The present invention relates to an a.r-cond, 
Zngsysternhavingarefngerantcirc U lat,on C ,rcu,tthat 

"des a oondenser, a depressurizing unrt, an evapo- 
rator and a variable displacement type c°™Press°r 
[0002] in general, the refrigeration arcurt of an air- 
conditioning system for a vehicle compnses a condens- 
er an expansion valve, or depressurizing unit an evap- 
X and a compressor. The compressor draws and 
compresses a refrigerant gas, which flows ,n the refng- 
era^ion circuit from the evaporator and dscharges the 
compressed gas toward the condenser. The evaporator 
tranKeano the refrigerant that flows in the refriger- 
ation drcuit from the air inside the vehicle. As heat from 
air that passes the periphera. portion of the evapc, 
air is transmitted to the refrigerant that J ews .n |M 
evaporator in accordance with the level of the thermal 
foaTor cooling load, the pressure of the retr.gerant gas 
at the outlet or the downstream side of *e evaporator 
ref ects the level of the cooling load. A vanable d.splace- 

Ts a Chicle compressor, has a displacement control 
mechanism that operates to keep the outlet pressure Ps 
of^eevaporatoratapredetermined target value(ca..ed 
°neser P rLsure).The displacement control mechanism 
perfol's feedback control on the 
the compressor, or the inclination angle of the swash 
Sate wlth the outlet pressure Ps' of the evaporator or 
a suction pressure Ps, which correlates w.th the outlet 
pressure Ps") as a control index such that the discharge 
S o. the refrigerant matches the .eve, of the coo - 
ing load. A typical example of such a emplacement co^ 
2 mechanism is a dsplacement control valve , e erred 
,o as an internal control valve. The mtemal con ro. va ve 
detects the outlet pressure Ps 1 of the evaporator or the 
sSn pressure Ps by means of a pressure sensrtive 
member such as a bellows or diaphragm. The va ve 
body of the interna, control valve is P«*^**» 
displacement of the pressure sens,t,ve member thus 
adjustingthe degree of openingof that vatve. As aresu * 
^pressure (crank pressure Pc) of the swash plate 
charnber (crank chamber) is adjusted to determine the 
inclination anqle of the swash plate. 
oS A simple internal control valve, which can only 
have 1 single set pressure, cannot provide delicate a.r- 
TdiSg control. To provide such centromere ns a 
variable set pressure type control valve, the set pres 
su e of which can be changed externally. A the vanable 
set pressure type control valve has. tor example, the 
ZSZJS**** centre, vatve to which ar .actu- 
ator is connected. The force of the actuator can be ad- 

solenoid. The set pressure of the interna control vatve 
can be changed by altering a mechanical force that acts 
oTthepressuresensitive member by using the actuator. 
[0004] T^e compressor is generally driven by the en- 
gine that drives the vehicle. The compressor .s one of 



accessories that consume the engine power (or torque) 
Td apples a large load to the engine. Under excephon- 
a"condrt ons such as during acceleration of the veh^ e 
o during gradient climbing, i.e.. when * .s des-rable to 
5 use the engine power only for driving, the a.r-condrt.on- 
ing s jsteml operated such that the discharge cepacrty 
o, the compressor is minimized and the eng.ne load of 
me ^pressor is temporarily reduced. To m.n.m.ze the 
JischaTge capacity of the compressor, the set pressure 

set oressure so that the current outlet pressure Ps , or 
Te Son pressure Ps, becomes lower than the new 
Sprassur ^This works when minimizing the d«charge 
capacityofthecompressorsothattheenginepowercan 

is be used primarily for driving the vehicle 

fooosi However, a detailed analysis of the operation 

variable set pressure type control vahra showed that he 
engine load could not necessarily be reduced by m.n, 
20 mizing the discharge capacity of the compressor asjn- 
tended as long as feedback control is performed wrth 
Se outlet pressure Ps' orthe suction pressure Ps used 

roo^i nd Thegraph of FigureSshows generally thecor- 
2S elation between the outlet pressure Ps' or e suchon 
pressure Ps and the discharge capacrty Vc of the com 
pressor As apparentfrom this graph, there are a plural- 
% 7cone£L curves (characteristic curves , of the 
outlet pressure Ps' or the suction pressure Ps and he 
30 discharge capacity Vc in accordance w,th the level of 
,he thecal load (cooling load) in the evaporator When 
the set pressure Pset, which is the target va u of the 
feedback control, is a certam pressure Pel, *• > d.s 
charge capacity of the compressor vanes wrth.n a g«ven 
35 range (Sc in Figure 8) in accordance with the thermal 
"ad' When the Lrma. load of the evaporator ^ rela- 
tively large, for example, the actual discharge > capacrty 
Vc ot the compressor cannot drop to reduce the eng.ne 
L el If the set pressure Pset is set relative* ^ 
40 That is, under a control procedure that Spends on the 
outlet pressure Ps' or the suction pressure Ps. even tf 
me tt pressure Pset is changed to a high value, a 
change in the thermal load of the evaporator does not 
Sfow, so the discharge capacity cannot be decreased 

45 mm Acontrolprocedurethatcontrolsthedischarge 
capacrty of a variable displacement type compresso 
ZTon the outlet pressure Ps' of the evaporator or 
me suction pressure Ps, which reflect the thermal load 
50 Z the evaporator, can achieve the intended pu^ose of 
me air-conditioning system; that is. to make the room 
temperature stable regardless of a change 'Mho ^tem- 
perature outside the vehicle to ensure the comfort of 
passengers inside the vehicle. When .t is des-rable to 
5S gSklyreducethedischargec^pacityofthecompressor 

by temporary neglecting the intended p^<^ 
air-conditioning system, for example under the excep 
tiorcScumstance where the power of the drive source 
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(engine) is used primarily for driving, a control procedure 
that depends on the outlet pressure Ps' or the suction 
pressure Ps cannot sufficiently meet this need. The 
present invention was made in light of these circum- 
stances. 5 
[0008] Accordingly, it is an objective of the present in- 
vention to provide an air-conditioning system that can 
control the discharge capacity of a compressor to stabi- 
lize the room temperature, to quickly change the dis- 
charge capacity in exceptional circumstances, and to 10 
improve the precision of the control to stabilize the room 
temperature and the response characteristics. 
[0009] In accordance with the present invention, an 
air-conditioning system having a refrigerant circulation 
circuit including a condenser, a depressurizing unit, an is 
evaporator and a variable displacement type compres- 
sor, characterized by comprising: differential pressure 
detecting means for detecting a differential pressure be- 
tween the pressures of a refrigerant at two pressure 
monitoring points located in said refrigerant circulation 20 
circuit; external information detecting means which in- 
cludes first means capable of previously or simultane- 
ously detecting a variation in a cooling load and detects 
other external information; second means for determin- 
ing a set differential pressure between said two pressure 25 
monitoring points based on information about said var- 
iation in said cooling load given from said first means; 
and displacement control means for performing feed- 
back control of a discharge capacity of said variable dis- 
placement type compressor such that the differential 30 
pressure detected by said differential pressure detect- 
ing means converges to said set differential pressure 
determined by said second means. 
[001 0] Other aspects and advantages of the invention 
will become apparent from the following description , tak- 35 
en in conjunction with the accompanying drawings, il- 
lustrating by way of example the principles of the inven- 
tion. 

[0011] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference *o 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Figure 1 is a diagram showing a refrigerant circula- 
tion circuit of an air-conditioning system; 
Figure 2 is a cross-sectional view showing a varia- 
ble displacement type swash plate compressor; 
Figure 3 is a diagrammatic cross-sectional view of 
a control valve; so 
Figure 4 is a block diagram illustrating the outline of 
an electronic control system; 
Figure 5 is a flowchart of a main routine of discharge 
capacity control; 

Figure 6 is a flowchart of a normal control routine; ss 
Figure 7 is a graph showing the relationship be- 
tween the setting of an air-flow-rate switch and the 
added amount of Dt; 
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Figure 8 is a graph showing the relationship be- 
tween the pressure at the outlet of an evaporator 
and the discharge capacity according to prior art; 
and 

Figure 9 is a block diagram showing another em- 
bodiment of the refrigerant circulation circuit of the 
air-conditioning system. 

[0012] Before describing the first embodiment of this 
invention, the idea on which this invention is based will 
be discussed. 

[0013] This invention is based on the following con- 
sideration. The following air-conditioning system satis- 
fies quick alteration of the discharge capacity of a vari- 
able displacement type compressor under external con- 
trol, when needed, without being influenced by.the ther- 
mal load condition of the evaporator. In particular, the 
system controls the discharge capacity of the compres- 
sor to stabilize the room temperature and permits quick 
reduction of the discharge capacity of the compressor 
when necessary. This air-conditioning system performs 
feedback control of the discharge capacity of the varia- 
ble displacement type compressor using a control valve 
that mechanically detects a differential pressure be- 
tween two pressure monitoring points in a refrigerant cir- 
culation circuit and automatically adjusts the degree of 
opening of the valve based on the detected differential 
pressure and externally changes a set differential pres- 
sure. The set differential pressure is a target value of 
the feedback control. A control unit determines the set 
differential pressure through a recurring computation 
based on the result of comparison of temperature infor- 
mation from a temperature sensor, which is correlated 
with the temperature of the passenger compartment 
(hereinafter, the compartment), and a set temperature 
(desired temperature), which is set by a temperature 
setting unit. This determination is changed as needed. 
[0014] The cooling load, or thermal load Q, in an air- 
conditioning system equipped with a refrigerant circula- 
tion circuit that comprises a condenser, a depressurizing 
unit (e.g., an expansion valve), an evaporator and a var- 
iable displacement type compressor is generally ex- 
pressed by the following equation 1). In equation 1), G 
indicates the flow rate of air that passes through the 
evaporator (the flow of air per unit time), Tin indicates 
the enthalpy of the intake air before passing through the 
evaporator, (out is the enthalpy of the air exiting the 
evaporator, and Al represents the difference between 
the two enthalpies. 

Q = Gx (lin - lout) = G xAI 1) 

[0015] Suppose that an intake regulator (e.g., a blow- 
er flow- rate switch) of the air-conditioning system is op- 
erated to rapidly increase the flow rate G of air that pass- 
es through the evaporator. The cooling load Q also in- 
creases in accordance with the equation 1), and the 
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crease in the monitored different! pressure _«rfuces 
tL discharae capacity of the compressor to decrease 
he flow m " onhe refrigerant in the refrigerant «ro£ 

vafve A^tualty, however, the resetting of the set dfltf- 
ma.tran'sm^ 

wo prelum mentoring points, therefore the control 
v^e that operates based on the different*! pressure 
be^een the two pressure monitoring points may tem- 
ooSy reduce the discharge capacity of the compres^ 
^rlhough the cooling load tends to mcrease. Th,s 

ditioning. While this situation is overcome after the re 
setting of the set differential pressure « completed, the 
S aSdL,ng controi nevert 
irfoai however transient or temporary it is. I ne caus>« 

or! S situation is the unavoidable gap be- 
^en the reaction time of the controi valve m response 
J pressure change and the time required tor the con- 

tmtunn to acquire temperature informal from the 

SETX^ * based on th v dea 

Se m the coding load is detected before or* the 
th*t the chanqe occurs, considering that tne 

^temperature information from the temperature sen- 
sorSthfe. determine 

fnd resetting of the set differential pressure ,n the con- 
troJvTe are carried out qu*kly, based on a change in 
h cooling load, at a speed that mattes the reason 
time of the control valve in response to a pressure 

JST in the drawings, like numerals are used for like 
elements throughout. 



m0181 A first embodiment of this invention, which is 
Sied in a vehicle conditioning system, will be 
described below. ro frinerant circulation 

,o pressurizing un«, an evaporate 3 3 *** 9 J ^ 
pipe 35. which connects the outlet ot tne e p 

„ 3 , . The oompr.mr CM draw* and 

*ki,am 0 .s*»l«WMath»s"d«dn champ. ,2 'rZ 

30 is directly adjusted in this manner. 

30 

Description of the Compressor 



l0 020] As shown in Figure 2, a variable 

» , . a pomWnaUon ol a b.« and » P" «•»> 
55 mechanism 1 3 has two * hh 1 
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support arms 14 and the guide pins 15 and the contact 
of the swash plate 12 with the drive shaft 6, which is 
fitted in the center hole of the swash plate 12, cause the 
swash plate 1 2 to rotate synchronously with the tug plate 

1 1 and the drive shaft 6 and to incline with respect to the 
drive shaft 6 as the swash plate 12 slides in the axial 
direction of the drive shaft 6. A spring 16 for reducing 
the inclination angle of the swash plate 12 is provided 
on the drive shaft 6 between the lug plate 11 and the 
swash plate 12. This spring 16 urges the swash plate 

1 2 toward the cylinder block 1 . A return spring 1 7 is pro- 
vided on the drive shaft 6 between the swash plate 12 
and a restriction ring 18 secured to the drive shaft 6. 
When the inclination angle of the swash plate 12 is at 
the maximum (indicted by a chain line), the return spring 
1 7 does not apply any force to the swash plate 1 2. When 
the inclination angle of the swash plate 12 decreases 
(indicated by a solid line), on the other hand, the return 
spring 1 7 contracts as it is compressed between the 
swash plate 12 and the restriction ring 1 8 and urges the 
swash plate 12 away from the cylinder block 1 . 
[0022] A plurality of cylinder bores la (only one shown) 
are formed in the cylinder block 1 and a single-head pis- 
ton 20 is retained in a reciprocative manner in each cyl- 
inder bore la. The front end of each piston 20 is connect- 
ed to the peripheral portion of the swash plate 12 with 
a pair of shoes 1 9, so that each piston 20 and the swash 
plate 12 are coupled together by the shoes 19. When 
the swash plate 12 and the drive shaft 6 rotate together, 
therefore, the rotation of the swash plate 1 2 is converted 
to linear reciprocating motion of the pistons 20, the 
stroke of which correspond to the inclination angle e of 
the swash plate 12. Between the valve plate 3 and the 
rear housing 4 are a suction chamber 21 , at the center, 
and a discharge chamber 22, which surrounds the suc- 
tion chamber 21 . A suction port 23, a suction valve 24, 
for opening and closing the suction port 23, a discharge 
port 25 and a discharge valve 26, for opening and dos- 
ing the discharge port 25, are formed in the valve plate 
3 in association with each cylinder bore la. As each pis- 
ton 20 reciprocates, refrigerant gas in the suction cham- 
ber 21 (the area of the suction pressure Ps) from the 
outlet of the evaporator 33 is drawn into the associated 
cylinder bore la via the suction port 23 and suction valve 
24. As the piston 20 reciprocates, the refrigerant gas 
supplied into the cylinder bore ia is compressed to a pre- 
determined pressure and is discharged into the dis- 
charge chamber 22 (the area of the discharge pressure 
Pd) via the discharge port 25 and discharge valve 26. 
[0023] In this compressor, when the drive shaft 6 is 
rotated by the power supplied from the engine E, the 
swash plate 1 2, which is inclined at a predetermined an- 
gle 6, rotates accordingly. The inclination angle 6 is the 
angle that is defined by the swash plate 1 2 and an im- 
aginary plane perpendicufar to the drive shaft 6. As the 
swash plate 12 rotates, the individual pistons 20 recip- 
rocate by a stroke corresponding to the inclination angle 
6 of the swash plate 12, and the sequence of suction, 



compression and discharge of the refrigerant gas is re- 
peated in each cylinder bore la as mentioned above. 
[0024] The inclination angle 6 of the swash plate 12 
is determined based on the balance of various mo- 
5 ments, such as a rotational moment caused by the cen- 
trifugal force of the rotation of the swash plate 12, a mo- 
ment caused by the urging force of the spring 1 6 (and 
the return spring 1 7), a moment caused by the reciprocal 
force of inertia of the piston 20, and a moment caused 

io by the gas pressure. The gas-pressure moment is gen- 
erated based on the relationship between the pressure 
in the cylinder bores and the pressure of the crank 
chamber 5 (crank pressure Pc), which is the piston's 
back pressure, and acts both in the direction of reducing 

is the inclination angle of the swash plate 12 and in the 
direction of increasing it depending on the crank pres- 
sure Pc. The compressor is designed to set the inclina- 
tion angle 6 of the swash plate 1 2 to any angle between 
the minimum inclination angle 0min and a maximum in- 

20 clination angle ©max by changing the gas-pressure mo- 
ment by adjusting the crank pressure Pc with a displace- 
ment control varve CV (discussed later). The maximum 
inclination angle 6max of the swash plate 1 2 is restricted 
by a counter weight 12a of the swash plate 12, which 

25 abuts against a restriction portion 11a of the lug plate 
11. The minimum inclination angle 9min of the swash 
plate 12 is determined by a balance of the force of the 
spring 1 6, the force of the return spring 1 7 and the gas- 
pressure moment when the gas pressure moment is 

30 maximized in the direction of reducing the inclination an- 
gle of the swash plate 12. 

[0025] The crank pressure Pc is associated with the 
control of the inclination angle of the swash plate 12. 
The control mechanism that controls the crank pressure 

35 p c includes a bleed passage 27, a supply passage 28 
and the control valve CV, all of which are accommodated 
in the housing of the compressor. The bleed passage 
27 connects the suction chamber 21 to the crank cham- 
ber 5. The supply passage 28 connects the discharge 

40 chamber 22 to the crank chamber 5, and the control 
valve CV is located in the supply passage 2B. By ad- 
justing the degree of opening of the control valve CV, 
the flow rate of high-pressure gas supplied to the crank 
chamber 5 through the supply passage 28 is adjusted 

<5 and the crank pressure Pc is determined in considera- 
tion of the flow rate of the gas that is led out of the crank 
chamber 5 through the bleed passage 27. The differ- 
ence between the crank pressure Pc and the pressure 
in the cylinder bores la is changed in accordance with a 

50 change in the crank pressure Pc. This changes the in- 
clination angle 8 of the swash plate 12, resulting in ad- 
justment of the stroke of each piston 20 and the dis- 
charge capacity. 

55 The Control Valve 

[0026] Generally speaking, the greater the discharge 
capacity of the compressor is and the greater the flow 
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£ and the pressure » 
between the points correlates with the . ftow ™ 
refrigerant. Therefore, detecting ^^^J^J 
sure AP(t) between the two points PI and P2 is an inoi 

s7r in this embodiment, as shown in Figure 1 , tt»e down 
stream pressure monitoring point P2 is located m the 

PsH at the upstream pressure mentoring po.nt PI is ap- 
nnX the control valve CV through a first passage 37, 
S tie gas pressure PsL at the downstream pressure 
and the ga . p ess ^ pg) fe ap . 

rrcontrolvalveCVm^ 

capaU of the com- 
pressor by direct* using the detected differential pres- 
■sure in adjusting its opening degree, 
roo^ As shown in Figure 3, the control valve CV has 
Kt-sWe vawe portion, which occupies the upper 
ha. f ind ^electromagnetic actuator section « .wh«:h 
occuSsthe lower half. The inlet-side valve portion ad- 
degree of opening (degree * 

iI15^?iSSt~ as an actuator for changing the 

Si p— ™ actuatio ::; d ; c ° h r s :t r the 

that includes a small-diameter portion 41 , which is «W» 
distal end a valve portion 42, which is nearly atthe oert- 

fmaTend A valve housing 45 of the control valve CV 

of the inlet-side valve portion, and a lower b«V«o, 
whteh forms the main part of the electromagnet, actu- 

555* Tvawe chamber 46, a communication pas- 
sage 47 and a pressure sensitive chamber 48 «.£ 

^ e with each other depending on the position £ the 
Actuation rod 40, the communication P«»W «« 
^pressure sensitive chamber 4B are completely so- 
ateS f ron, each other in terms of pressure by a partition 
watwhfchisapart of the valve housing 46. Thebottom 

omevaWecha7nber46isformedbytheuppersurface 



~~r* which is discussed later. A Pd 

cSE52ss2==«£ 

stream portion of the supply passage 28. A PepJW. 

communicat on passage 47. mis rc pu.i 
Communication passage «»J^*SS 

, 5 charge chamber 22 to the crank chamber 5 in the 
side valve portion of the control valve CV. 
Iran l The valve portion 42 of the actuation rod 40 * 

mine vdiv d ameter of the 

Seated at the boundary between the , vrtj chamber 
46 and the communication passage 47 serves ^as a 
vthre seat 61. and the communication passage 47 
«, !„L as a valve hole. When the actuation rod 40 

«Tetwem 1 ostposmon).thecommunlca = ^ 
wr^ort That is the valve portion 42 of the actuation 
so adjuItsTe'degree of opening of the supply pas- 

Soi 8 ' The distal end of the small-diameter portion ,41 
S2 actuation rod 40 is located in the pressure . sens, 
ttve chamber 4B and is fixed to a movable wall 62. The 
3S ££m 52 separates the pressure 

ber 48 into two chambers: a P1 pressure chamber 53 
and a P2 pressure chamber 54. Although the movable 
Si 52 Ts movable In the axial direction in the pressure 
Se chamber 48. it % < 

^ TamLeTi 1 T^"^ S3 =5 
th/point P1 

< 5 S^^iTSfcn chamber 21 (the point P2) 
mrough a port formed in the valve housing 45 and the 
3 passage 38. That is, the pressure at the pres- 
sure montoring point PI (pressure PsH) is applied to 

so sLcL chamber 21 (pressure PsL) J^JJ^,™ 
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chamber 53 and the P2 pressure chamber 54 constitute 
mechanical differential pressure detecting means incor- 
porated in the control valve. 

[0031 ] The electromagnetic actuator section 60 of the 
control valve has a cylindrical retainer cylinder 61 with 
a bottom. The fixed iron core 62 is fitted in the upper 
portion of the retainer cylinder 61 , thus defining a sole- 
noid chamber 63 in the retainer cylinder 61 . A movable 
iron core 64, or plunger, is retained in the solenoid cham- 
ber 63 to move in the axial direction. An axial hole is 
formed in the center of the fixed iron core 62. The large- 
diameter portion 43 of the actuation rod 40 is placed in 
the hole of the fixed iron core 62 and movable in the 
axial direction. The lower end of the large-diameter por- 
tion 43 is fitted into a hole bored through in the center 
of the movable iron core 64 in the solenoid chamber 63 
and is fixed by crimping. Therefore, the movable iron 
core 64 and the actuation rod 40 move axially together. 
There is a slight clearance 62a between the wall of the 
center hole of the fixed iron core 62 and the large-diam- 
eter portion 43 of the actuation rod 40, and the valve 
chamber 46 is connected to the solenoid chamber 63 
through the clearance 62a. Therefore, the discharge 
pressure Pd is applied the solenoid chamber 63. 
[0032] A return spring 65 is located in the solenoid 
chamber 63 between the fixed iron core 62 and the mov- 
able iron core 64. The return spring 65 urges the mov- 
able iron core 64 and the actuation rod 40 downward. 
The return spring 65 therefore initializes, or returns the 
movable iron core 64 and the actuation rod 40 to their 
lowest position (the initial position at the time of deen- 
ergization). A coil 66 is wound around the fixed iron core 
62 and the movable iron core 64, surrounding both cores 
62 and 64. The control of energization of the coil 66 may 
be either analog current-value control or duty control, 
which changes a duty ratio Dt at the time of energization. 
This embodiment employs the duty control method. In 
response to an instruction from a control unit 70, a drive 
circuit 71 supplies a drive signal of a predetermined duty 
ratio Dt to the coil 66. The coil 66 generates an electro- 
magnetic force F2, the magnitude of which corresponds 
to the duty ratio Dt. The electromagnetic force F2 caus- 
es the movable iron core 64 Lo be attracted toward the 
fixed iron core 62, moving the actuation rod 40 upward. 
The control valve CV is designed to increase the degree 
of valve opening as the duty ratio Dt decreases and de- 
crease the degree of valve opening as the duty ratio Dt 
increases. 

[0033] The position of the actuation rod 40 in the con- 
trol valve CV (or the degree of valve opening) is roughly 
determined as follows. When no current is supplied to 
the coil 66 (Dt = 0%), the return spring 65 dominates, 
and the actuation rod 40 is located at the lowermost po- 
sition, which is shown in Figure 3. At this time, the valve 
portion 42 of the actuation rod 40 is most separated from 
the valve seat 51 so that the inlet-side valve portion is 
fully opened. When the coil 66 is energized with the min- 
imum duty in the duty ratio range, the upward electro- 



magnetic force F2 exceeds a downward force f2 of the 
return spring 65. Then, an upward force (F2 - f2) pro- 
duced by the electromagnetic actuator section 60 acts 
against a downward force Fl based on the differential 

5 pressure. When the coil 66 is energized, therefore, the 
valve portion 42 of the actuation rod 40 is positioned 
with respect to the valve seat 51 such that the upward 
force (F2 - f2) and the downward force F1 are balanced, 
and the degree of opening of the control valve CV is thus 

10 determined. In accordance with the degree of valve 
opening, the flow rate of gas to the crank chamber 5 
through the supply passage 28 is determined, and the 
crank pressure Pc is adjusted in consideration of the 
flow rate of gas discharged from the crank chamber 5 

'5 through the bleed passage 27. That is, adjusting the de- 
gree of opening of the control valve CV adjusts the crank 
pressure Pc. 

[0034] The degree of opening of the control valve CV 
is based on the balance of the downward force F1 , which 

20 is based on the differential pressure, and the upward 
force (F2 - f2), which is created by the spring 65 and the 
electromagnetic actuator section 60, and only the up- 
ward electromagnetic force F2 is adjustable. Adjusting 
the electromagnetic force F2 therefore adjusts the force 

25 Fl. Since the force F1 reflects the differential pressure 
AP(t) between PsH and PsL as mentioned above, the 
differential pressure AP(t) can be set to a desired target 
differential pressure, or a set differential pressure TPD, 
by adjusting the electromagnetic force F2 through elec- 

30 trical control of the coil 66. That is, the set differential 
pressure TPD is determined by the amount of the cur- 
rent supplied to the coil 66. In this sense, the electro- 
magnetic actuator section 60 of the control valve CV, 
the drive circuit 71, and the control unit 70 form a set 

35 differential pressure changing apparatus for externally 
changing the target or reference differential pressure 
value (set differential pressure) of the automatic adjust- 
ment of the degree of opening of the control valve CV. 
The control valve CV merely serves as a flow regulating 

40 valve for maintaining the set differential pressure TPD 
according to the electromagnetic force F2, unless the 
electromagnetic force F2 changes. Since the set differ- 
ential pressure TPD can be changed by changing the 
electromagnetic force F2 with an external controller, 

45 however, the control valve CV also serves as a displace- 
ment control valve that controls the discharge capacity 
of the compressor. 

Electronic Control System 

so 

[0035] As shown in Figure 4, the vehicle air-condition- 
ing system includes the control unit 70, which performs 
general control of the air-conditioning system. The con- 
trol unit 70 is a computer-like control unit and has at least 
55 a CPU, ROM, RAM and input/output (I/O) interface cir- 
cuit. Various kinds of control programs (see flowcharts 
in Figures 5 and 6), which are discussed later, and initial 
data are stored in the ROM. The RAM provides a work- 
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A/C switch 81 is set ON, the process goes to an excep- 
tional circumstances decision routine (S53). In S53, the 
control unit 70 determines if the vehicle is in an excep- 
tional state or an exceptional drive mode based on ex- 
ternal information. The exceptional drive mode occurs s 
when the engine E is in a high-load state such as when 
climbing a hill or when overtaking another vehicle (at 
least when the driver wants rapid acceleration). In either 
case mentioned, the high-load state or the acceleration 
state can be estimated by comparing the acceleration 10 
position indicated by the acceleration pedal sensor 76 
with a predetermined value. 

[0045] When the decision result in S53 is YES or 
when the vehicle is in the exceptional drive mode, the 
control unit 70 performs an exceptional control proce- *s 
dure (S54). The exceptional control procedure, for ex- 
ample, changes the duty ratio Dt of the drive signal to 
zero or to a minimum value Dt(min) in its variation range 
for a predetermined period At from the point of time 
when the high-load state of the engine or the accelera- 20 
tion state was detected for the first time. In the period 
At, in which the duty ratio Dt is minimized, the control 
valve CV is open to the maximum degree regardless of 
the differential pressure AP(t) between the two points, 
and the crank pressure Pc is increased instantly to 25 
quickly minimize the inclination angle 0, thus minimizing 
the discharge capacity of the compressor. As a result, 
the load of the engine E is reduced so that alt or most 
of the engine power can be used for driving the vehicle. 
Although the cooling performance of the air-conditioning 30 
system is sacrificed in the period At, which is a short 
period, the temporary sacrifice of the cooling perform- 
ance does not significantly disrupt the comfort of the 
passengers. 

[0046] When none of the conditions are met in the ex- 35 
ceptional drive mode decision routine, the decision in 
S53 is NO. In this case, it is considered that the vehicle 
is in a steady state, or a normal drive mode. The normal 
drive mode refers to a state in which none of the moni- 
toring conditions in the exceptional drive mode decision <o 
routine is satisfied, and indicates a state in which it is 
possible to estimate that the vehicle is in a steady run- 
ning condition. When the decision result in S53 is NO, 
the process goes to a normal control routine RF6. In 
many cases, the processing in the main routine in Figure *s 
5 returns to step S62 after going through the processes 
in the normal control routine RF6. 
[0047] The normal control routine RF6 in Figure 6 il- 
lustrates a sequence of procedures that relate to the air- 
conditioning performance in the normal operation mode, so 
or feedback control of the discharge capacity of the com- 
pressor. Since the control valve CV, which has the mov- 
able wall 52 for detecting the differential pressure AP(t), 
adjusts its opening size internally, mechanically and au- 
tomatically in accordance with changes in the differen- ss 
tial pressure, the main processing in the routine RF6 is 
to correct the set differential pressure TPD of the control 
valve in accordance with the state of the thermal load in 
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the evaporator 33, i.e., recurring correction of the duty 
ratio Dt. 

[0048] First, the control unit 70 determines in S61 
whether the air intake mode has been switched between 
the internal-air circulation mode or the outside-air inlet 
mode by the inside/outside air select lever 83, i.e., 
whether the mode in the current cycle differs from the 
mode in the previous cycle. 

[0049] In general, merely switching the air intake 
mode of the air that passes near the evaporator between 
the intemal-air circulation mode and the outside-air inlet 
mode significantly changes the cooling load Q in the 
equation 1 . This is because the air flow rate G of the air 
differs between the internal-air circulation mode or the 
outside-air inlet mode and the enthalpy lin of the intake 
air differs between the case where the inside air is re- 
circulated and the case where outside air is drawn in. 
[0050] When the decision result in S61 is YES, there- 
fore, the control unit 70 corrects the duty ratio Dt in S62. 
That is, when the air intake mode has changed to the 
outside-air inlet mode, the duty ratio Dt is increased by 
a predetermined amount a. When the air intake mode 
has changed to the intemal-air circulation mode, on the 
other hand, the duty ratio Dt is decreased by the prede- 
termined amount a. The reason for this correction is 
that, since hot air is more likely to enter the compartment 
in the outside-air inlet mode than in the intemal-air cir- 
culation mode, the cooling load Q is larger in the outside- 
air inlet mode. In the outside-air inlet mode, therefore, 
the duty ratio Dt is intentionally increased to reduce the 
crank pressure Pc, thereby increasing the discharge ca- 
pacity of the compressor. In the internal-air circulation 
mode, on the other hand, the duty ratio Dt is intentionally 
decreased to increase the crank pressure Pc, thereby 
decreasing the discharge capacity of the compressor. 
The predetermined amount a is set to, for example, ten 
to 100 times the unit amount AD mentioned in S67 and 
568, which will be discussed later. 
[0051] Next, the control unit 70 determines in S63 
whether the air flow rate has been changed by the air- 
flow-rate switch 84, i.e., whether the airflow rate in the 
present decision differs from the airflow rate in the pre- 
vious decision. In general, merely changing the flow rate 
of air G that passes through the evaporator significantly 
changes the cooling toad Q in equation 1). When the 
decision result in S63 is YES, therefore, the control unit 
70 corrects the duty ratio Dt according to the switching 
of the air flow rate in S64. In S64, the process depends 
on whether the present air flow rate has increased (up) 
from the previous air flow rate or decreased (down) from 
the previous air flow rate, and a correction of the duty 
ratio Dt depends on the level of the change made by the 
air-flow-rate switch 84. As apparent from the list in S64, 
when the air flow rate is increased by one step (e.g., 
from "OFF* to "Lo w ), the duty ratio Dt is increased by a 
predetermined amount (J, when the air flow rate is in- 
creased by two steps (from "OFF" to "M"), the duty ratio 
Dt is increased by a predetermined amount 2p, and 
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moves downward to decrease the force of the return 
spring 65. The decrease in the downward force f2 of the 
return spring 65 compensates for the decrease in the 
upward electromagnetic force F2, thereby positioning 
the valve portion 42 of the actuation rod 40 again to the s 
position where F1 = (F2 - f2) is satisfied. Consequently, 
the degree of opening of the control valve (i.e., the de- 
gree of opening of the supply passage 28) increases 
slightly, thus increasing the crank pressure Pc. This in- 
creases the difference between the crank pressure Pc 10 
and the pressure of the cylinder bores, thus reducing 
the inclination angle of the swash plate 12. This de- 
creases the discharge capacity of the compressor and 
the load torque. As the discharge capacity of the com- 
pressor drops, the heat absorption in the evaporator 33 *5 
decreases and the temperature Tc(t) tends to increase. 
Further, the differential pressure AP(t) between the 
pressure monitoring points P1 and p2 decreases. The 
decrease in the differential pressure AP(t) causes the 
mechanical feedback to reduce the opening degree of 20 
the control valve. 

[0056] When the detected temperature Te(t) differs 
from the set temperature Te(set), the set differential 
pressure TPD of the control valve is gradually optimized 
through the correction of the duty ratio Dt done in the 25 
S67 and/or the S68, and the mechanical feedback con- 
trol of the control valve internally and automatically ad- 
justs the degree of opening of the valve, steers the tem- 
perature Te(t) toward the set temperature Te(set). 
[0057] Thereafter, in S69, the control unit 70 instructs 30 
the drive circuit 71 to change the duty ratio Dt to the one 
compensated or corrected in the processes of S61 -S68 
and then leaves the normal control routine RF6 and re- 
turns to S52 in the main routine. The drive circuit 71 sup- 
plies the drive signal of the compensated or corrected 35 
duty ratio Dt to the coil 66 until it receives a new duty 
ratio Dt changing instruction. 



the set differential pressure never fails to follow up 
a change in the cooling load Q or a change in the 
differential pressure AP(t) between the two points, 
thus avoiding the undesirable situation discussed in 
the beginning of this section. It is therefore possible 
to accomplish ideal air-conditioning control that 
quickly renews the set differential pressure when 
the cooling load changes. 

(2) The duty ratio Dt (or the set differential pressure) 
acquired through the processes in S61-S64 in Fig- 
ure 6 is further corrected based on the result of com- 
parison of the temperature Te(t) detected by the 
temperature sensor 72 with the temperature Te(set) 
set by the temperature setting unit 82 (see S65-S68 
in Figure 6). This provides the following advantage. 
Since a change in the temperature inside the vehi- 
cle is relatively gentle, the degree of change in the 
cooling load Q that occurs when the temperature 
inside the vehicle (or the exit air temperature) 
changes is smaller than the degree of change in the 
cooling load Q that occurs when the air flow rate G 
changes. With respect to a change in the cooling 
load Q that is due to a change in the air flow rate G, 
therefore, the duty ratio Dt is changed quickly in the 
processes of S61-S64 in Figure 6, whereas for a 
change in the cooling load Q that is due to a change 
in the temperature or the like, the duty ratio Dt is 
changed finely in the processes in S65-S68 in Fig- 
ure 6, although the processing needs time for the 
recurring computation. This allows the temperature 
inside the vehicle to be maintained at the tempera- 
ture desired. This combination of two processes of 
changing the duty ratio Dt that have different char- 
acteristics further improves the precision of the air- 
conditioning control and the response characteris- 
tics. 



Advantages 

[0058] This embodiment has the following advantag- 



40 



(1) Since the inside/outside air select lever 83 and 
the air-flow-rate switch 84, which function to signal 
a change in the cooling load, are electrically con- 
nected to the control unit 70, the event of the switch- 
ing of either is immediately transmitted to the control 
unit 70. Based on this information, the control unit 
70 determines that a significant change in the cool- so 
ing load Q will occur and can quickly determine or 
recompute the duty ratio Dt that is associated with 
the set differential pressure of the control valve CV 
(see S61-S64 in Figure 6). Because the switching 
information is simultaneously transmitted when the 
lever or the switch is manipulated, the transmission 
of the switching information is never delayed. 
Therefore, the determination or recomputation of 



(3) This embodiment carries out feedback control 
on the discharge capacity of the compressor, and 
the differential pressure AP(t) = PsH - PsL between 
th e two pressure monitoring points P1 and P2inthe 
refrigerant circulation circuit is the direct control tar- 
get. Therefore, the discharge capacity can be re- 
duced instantly when necessary, such as during 
rapid acceleration, by external control without being 
affected by the thermal load state in the evaporator 
33. This allows the engine power to be used only 
for driving the vehicle. 

(4) In the normal mode, the discharge capacity of 
the compressor is controlled by automatically cor- 
recting the duty ratio Dt, which determines the set 
differential pressure TPD, based on the detected 
temperature Te(t) and the set temperature Te(set) 
and by automatically adjusting the degree of open- 
ing of the control valve based on the differential 
pressure AP(t). This achieves the purpose of 
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Claims 

, . An auditioning system having a ^fngejant cir- 
„ culation circuit induding a Mn <™^ 3 J2i;£. 
pressurizing unit (32). an evaporator (33) and a v 
iable displacement type compressor (CM), cnarac 
terized by comprising: 

differential pressure detecting """"jJJ^ 
detecting a differential pressure (APTO) be 
wSnmepressuresofarefrigerantattwoprea- 

Jure monitoring points (P1 , P2) located ,n sa.d 
refrigerant circulation arcurt; 
external information detecting means (72 74, 
75 76 81 -84) which includes first means (83, 
84i capable of previously or simultaneously de- 
fecting a variation in a cooling load and detects 
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other external information; 
second means (70) for determining a set differ- 
ential pressure (TPD) between said two pres- 
sure monitoring points based on information 
about said variation in said cooling load given s 
from said first means; and 
displacement control means (70, 71 , CV) for 
performing feedback control of a discharge ca- 
pacity of said variable displacement type com- 
pressor such that the differential pressure de- io 
tected by said differential pressure detecting 
means converges to said set differential pres- 
sure determined by said second means. 

2. The air-conditioning system according to claim 1 , '5 
wherein said external information detecting means 
further includes a temperature sensor (72) for de- 
tecting temperature information relating to a com- 
partment temperature and a temperature setting 
unit (82) for setting a desired temperature; and 20 

said second means corrects said set differen- 
tial pressure determined based on information 
about said variation in said cooling load by compar- 
ing said temperature detected by said temperature 
sensor with said temperature set by said tempera- 25 
ture setting unit. 

3. The air-conditioning system according to claim 1 or 
2, wherein said variable displacement type com- 
pressor includes cylinder bores, a discharge cham- 30 
ber for containing refrigerant that has been com- 
pressed in said cylinder bores and for supplying re- 
frigerant to said condenser, a suction chamber for 
containing refrigerant returning from said evapora- 
tor to conduct refrigerant into said cylinder bores, a 35 
crank chamber, and a cam plate, which is housed 

in said crank chamber, and said discharge capacity 
of said compressor can be altered by adjusting an 
internal pressure of said refrigerant in said crank 
chamber; and 40 

said displacement control means includes a 
control valve (CV) and a controller (70) for signalling 
said set differential pressure determined by said 
second means to said control valve, whereby said 
control valve adjusts said internal pressure of said 45 
crank chamber based on said set differential pres- 
sure. 

4. The air-conditioning system according to any one 

of claims 1 to 3, wherein said first means includes so 
a switch electrically connected to said second 
means, and the operation of the switch provides 
said second means with a change in the flow rate 
of air passing through said evaporator and/or a 
change in the difference between the enthalpy of ss 
intake air entering said evaporator and the enthalpy 
of air exiting said evaporator. 



639 A1 




5. The air-conditioning system according to any one 
of claims 1 to 4, wherein said first means includes 
a mode switching unit (83), which is electrically con- 
nected to said second means, for switching the flow 
state of air passing through said evaporator be- 
tween an inner circulation mode and an external cir- 
culation mode. 

6. The air-conditioning system according to any one 
of claims 1 to 5, wherein said first means includes 
an air-flow-rate switch (84), which is electrically 
connected to said second means, for switching the 
ftow rate of air passing through said evaporator. 

7. The air-conditioning system according to claim 3, 
wherein said control valve has a valve chamber be- 
tween said discharge chamber and said crank 
chamber, a pressure sensitive chamber separated 
into a first pressure chamber communicating with 
one of said pressure monitoring points and a sec- 
ond pressure chamber communicating with the oth- 
er one of said pressure monitoring points, an actu- 
ation rod so disposed as to extend through said 
pressure sensitive chamber and said valve cham- 
ber, and an electromagnetic actuator section having 
a movable iron core secured to one end of said ac- 
tuation rod, whereby said electromagnetic actuator 
section changes said set differential pressure 
based on a set-pressure alteration instruction from 
said controller. 

8. The air-conditioning system according to claim 3 or 
8, further comprising an inlet pipe (35) for connect- 
ing an outlet of said evaporator to said suction 
chamber; and 

wherein a downstream one of said pressure 
monitoring points is defined in said suction cham- 
ber, and an upstream one of said pressure monitor- 
ing points is defined in said inlet pipe and is spaced 
apart from said downsteam pressure monitoring 
point by a predetermined distance. 

9. The air-conditioning system according to claim 3 or 
8, further comprising an outlet pipe (36) for connect- 
ing said discharge chamber to an inlet of said con- 
denser; and 

wherein the two pressure monitoring points 
are defined in an area including the discharge 
chamber, the condenser and the outlet pipe. 

10. The air-conditioning system according to 
claim 9, wherein an upstream one of said pressure 
monitoring points is defined in said discharge cham- 
ber, and a downstream one of said pressure moni- 
toring points is defined in said outlet pipe and is 
spaced apart from said upstream pressure monitor- 
ing point by a predetermined distance. 
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Fig. 7 
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